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Abstract 
As the numbers of wireless users are increasing, the scarcities of radio spectrum are also increasing. Spectrum sharing techniques 
are considered as one of the remedies to this situation. The efficiency of spectrum can be increased by this sharing process. A 
number of spectrum sharing techniques are available today. They have different features and they are evaluated under different 
factors. They differ in the mode of operation, interference management, and the situations where it has to be used. So a 
comparative study on various spectrum sharing techniques is very relevant. Different classification of spectrum sharing 
techniques and their comparison is done to obtain the basic idea about them. 
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1. Introduction 
In most countries, the radio frequency bands are regulated by the Government via the process known as 
frequency allocation or spectrum allocation. As the radio propagation does not stop at national boundaries, 
governments have sought to harmonize the allocation of RF bands and their standardization. International 
Telecommunication Union (ITU), European Conference of Postal and Telecommunications Administrations 
(CEPT), European Telecommunications Standards Institute (ETSI), are forums and standard bodies that work on 
frequency allocation. They done the allocation process on the basis of various factors like technical, environmental, 
market based etc.  
The number of wireless users is increasing day by day and frequency bands are becoming more congested 
especially in densely populated urban centers. If the present situation follows, huge spectrum scarcity occurs in the 
near future. To avoid this scenario, new technologies have to be adopted. The increasing spectrum demand can be 
reduced to an extent by modern technologies like IMT Advanced and 3GPP Long Term Evolution. Even though 
they help to reduce the spectrum scarcity to an extent, more techniques have to be adopted. One method for efficient 
spectrum utilization is sharing of the spectrum. The sharing can be done in different ways – sharing with same 
operator, with another operator, sharing of licensed spectrum with unlicensed users etc. Cellular users sharing 
spectrum with ad hoc users is an example of spectrum sharing between licensed and unlicensed users [1-3].  
Open sharing model and hierarchical access model is the broad classification of spectrum sharing techniques [4-
5]. Each network accessing the same spectrum with equal probability comes under the open sharing model. There is 
no interference constraint from one network to its neighbors. Unlicensed band is an example of this model. The 
hierarchical model consists of primary network and secondary network. The secondary network access the spectrum 
without affecting the primary network. 
The spectrum sharing techniques can be classified as: interweave, underlay, and overlay [6]. In interweave 
spectrum sharing; the secondary system can dynamically access the spectrum holes. For spectrum underlay, 
secondary users (SUs) are simultaneously transmitting with the primary users (PUs). The interference caused by the 
SUs over PUs must be below a threshold level. In the case of spectrum overlay, SUs access the spectrum in time 
domain [7], spatial domain [8], or frequency domain [9]. In exchange of this, SUs actively help in the primary data 
transmission.  
Another classification is dynamic spectrum sharing and cooperative spectrum sharing. As the name indicates, 
dynamic spectrum sharing is an opportunistic technique which accesses the spectrum in a dynamic manner. In 
cooperative spectrum sharing, the spectrum is shared by the primary users and the secondary users. 
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2. Spectrum Sharing Techniques 
2.1 Classification 1- Open sharing model and Hierarchical access model 
Open sharing model employs open sharing among peer users [4]. This provides equal rights to the user network 
to access the spectrum. This is also known as unlicensed spectrum or free spectrum. There is no interference 
constraint from one network to its neighbors. The hierarchical access model is built on a hierarchical structure as the 
PUs and SUS. The basic idea of this model is to provide openness between licensed user – the PUs and unlicensed 
users – SUs. All the following classifications come under this model. 
2.2 Classification 2 - Interweave spectrum sharing, Overlay spectrum sharing, and Underlay spectrum sharing 
      In interweave paradigm, the basic idea is opportunistic communication. There exist spectrum holes – the 
temporary space-time-frequency voids that are not in use by both licensed and unlicensed users. These voids change 
with time and place. The interweave technique requires the activity information of users in the spectrum. This 
system periodically monitors the spectrum, intellectually detects the occupancy in the different parts of the system 
and then communicates opportunistically over the spectrum holes with minimal interference. Underlay paradigm has 
the knowledge of the interference caused by all users. It mandates that concurrent primary and secondary systems 
transmission occur only if the interference generated by the SU at the PU is below some acceptable threshold. In 
overlay systems, the SU has the knowledge of the PUs codebooks and its messages. The PUs transmits at any power 
and the interference to the PUs can be offset by relaying the PUs message. The characteristics of these techniques 
are given in the table [6].  
Table 1.Characteristics of underlay, overlay and interweave techniques. 
Underlay Overlay Interweave 
SU knows the channel 
strengths of PU 
 
SU knows the channel 
gains, codebooks and 
messages of the PU 
When the PU is not using 
the spectrum, SU knows 
the spectral holes in 
space, time, or frequency 
 
As long as the 
interference is below an 
acceptable limit, SU can 
simultaneously transmit 
with PU 
SU can simultaneously 
transmit with PU; the 
interference to PU can 
be offset by using part 
of the SUs power to 
relay the PUs message 
 
SU can simultaneously 
transmit with a PU only 
in the case of false 
spectral hole detection 
 
SUs transmit power is 
limited by the 
interference constraint 
SU can transmit at any 
power; the interference 
to the PU can be offset 
by relaying the PU’s 
message 
SUs power is limited by 
the range of its spectral 
hole sensing 
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        The performance of these systems can be compared in terms of throughput, delay for the spectrum access etc 
[10]. Fig.1 and Fig.2 indicates the transmission delay for the underlay and interweave spectrum access techniques. It 
is assumed that the traffic flows arrive in a Poisson distribution with λ. The sizes of the files are exponentially 
distributed. The queuing occurs when an arrived file finds another file in the system. The First Come First Served 
system of service is considered while the queue occurs. The transmission delay is interchangeably used for the 
system time, as the system time is the sum of service and queuing time. The delay depends on the statistics of the 
PU activity, data rate, scanning time and traffic intensity.  
             
 
      Fig.1 shows the average delay of SU files with increase in file arrival rate for the underlay spectrum access. The 
system parameter of cellular and Wi-Fi are considered. The delay increases with the increase in the arrival rate. The 
delay for interweave spectrum access for cellular system with different scanning time distributions are shown in Fig. 
2. Comparing Fig.1 and 2, it can be noticed that the delay in the interweave spectrum access is lower than the 
underlay spectrum access. 
   Fig.3 and 4 shows the average throughput of the underlay spectrum access and interweave spectrum access. The 
throughput decreases as PUs are more active. It is same for the cellular system and Wi-Fi system.  
              
Fig.1. The delay for underlay 
spectrum access 
Fig.2. The delay for interweave 
spectrum access 
Fig.3. The throughput for underlay 
spectrum access 
Fig.4. The throughput for interweave 
spectrum access 
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   In Fig.3, the throughput is evaluated with duty cycle and in Fig.4, it is with channel availability. The channel 
availability denotes the percentage of time the SU can transmit. In interweave spectrum access, the channel 
availaability is considered because SU transmit with different duty cycle in different channels. For interweave 
spectrum access, the throughput increases with the channel availability. Fig.3 and 4 can be compared because if the 
duty cycle is X, channel availability is 1-X. The throughput values of underlay spectrum access is upto some point 
higher than those of interweave spectrum access. 
2.3 Classification 3- Dynamic spectrum sharing and Cooperative spectrum sharing   
        In dynamic spectrum sharing, the SUs opportunistically access the spectrum to discover routes and to transmit 
the data. The basic components of this system include spectrum opportunity identification, opportunity exploitation 
and regularity policy. The biggest challenge in such a system is the interference management. This is managed by 
allocating the SUs with frequency resources that are disjoint to those of the PUs, either through a completely 
different frequency band or a subset of the same band that is currently available [11]. Distributed dynamic spectrum 
protocols which have fixed topology and channel conditions can be used for dynamic spectrum accessing. The 
statistical estimates of the channel gain are used to set a transmit power level of SUs. This power level will be within 
the allowed interference of the PUs [1]. Using this power, transmitter SU tries to discover the route to the receiver 
SU. This route discovery is done using the network information in the discovery packets. Random access techniques 
like CSMA/CA or CSMA/CD are used to ensure that only one SU accesses the spectrum at a time. The link quality 
of the network is quantified in terms of probability of outage. 
 Dynamic spectrum access, which is in its early stages of development, is an advanced approach to spectrum 
management that is closely related to other management techniques such as flexible spectrum management and 
spectrum trading. It involves unitizing spectrum in terms of time slots and/or geographically. This allows users to 
access a particular piece of spectrum for a defined time period or in a defined area which they cannot exceed without 
re applying for the resource. It cannot be used in the downlink communication of PUs since the level of interference 
is high. This becomes a demerit of this spectrum sharing. 
Cooperative communications enhance the performance of wireless systems by using the spatial diversity [12]. In 
cellular system, the same spectrum is reused in different cells. So the chance of occurrence of interference in 
primary data transmission is very high. The cooperative system has fixed network topology and the locations of 
users remain unchanged. The user locations are usually modeling as homogeneous Poisson Point process in the 
overlaid spectrum sharing system. The cell edge communication is a bottleneck to the overall Quality of Service 
(QoS), because the interference is more than the desired signal at the edge. To improve the QoS, a cooperation 
region is applied between PUs and SUs at the cell edge [2]. The primary data can be correctly decoded by the SU in 
the cooperation region and has the best channel state. So the SU is selected for the data retransmission in the case of 
primary data transmission failure.  As a reward to this cooperation, a part of the spectrum is given to the secondary 
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system and the remaining is kept with the primary system. The ALOHA technique is used by the SUs to access the 
network. With the cooperation of SUs, the throughput of the primary data transmission can be enhanced to combat 
the interference level. If more spectrums are given to the SUs, it obtains more capacity. But the capacity of the PUs 
reduces. So at most care should be taken while deciding the cooperative region. The channel gains and data 
transmitted by the primary system are known to the secondary system. Since a part of the spectrum is given to the 
SUs, the available spectrums to the PUs get reduced and it becomes a demerit of this spectrum sharing technique. 
    
 
The Fig.5 shows the probability of outage for cooperative spectrum sharing with respect to the pathloss [13]. As 
shown in the figure, the SUs has the outage probability a constant value for almost all values of α and tends to 1 as α 
tends to1. The Fig.6 shows the probability of outage for dynamic spectrum sharing with respect to the pathloss.  The 
outage probability of SUs decreases as D2Ds have more diversity in the resources that they can use. 
 
Table 2. Comparison of dynamic spectrum sharing and cooperative spectrum sharing. 
Dynamic Spectrum Sharing Cooperative Spectrum Sharing 
SU Opportunistically access the 
spectrum of PU 
 
The spectrum of PU is shared 
with SU 
 
Disjoint frequency bands for PU 
and SU to control the interference 
For interference management, a 
fraction of PUs spectrum is 
given to the SU 
 
SUs transmit power is limited by 
the interference constraint 
 
SU can transmit at any power 
CSMA/CA or CSMA/CD for 
accessing the spectrum (by SU) 
 
ALOHA for accessing the 
spectrum 
SU knows the channel strengths to SU knows the channel gain, data 
Fig.5. The outage probability for 
cooperative spectrum sharing 
Fig.6. The outage probability for 
dynamic spectrum sharing 
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the PUs transmitted by PU, messages of 
PU etc 
 
Transmission of data by SU occurs 
when the spectrum is free 
SUs can transmit data at any 
time since a portion of PUs 




        There is a belief that the usable radio spectrums are running out. The scarcity of spectrum may degrade the 
growth of wireless communication. This can be overcome by spectrum sharing. A number of spectrum sharing 
techniques are available today. The spectrum sharing techniques are used to sense their environment and improve 
the spectral efficiency by exploiting the network information. Most of the sharing techniques are categorized on the 
basis of coexistence or cooperation and sharing among equals or primary-secondary sharing. Factors like potential 
gains in spectral efficiency, and interference protection, congestion in the network, support for mobility, etc have to 
be considered while selecting a spectrum sharing techniques. It is pointless to look for the best form of sharing, 
because it is highly application dependent.  Hence the comparative study is important since it distinguish with 
different process and helps for the selection of suitable spectrum sharing techniques. The spectrum sharing 
techniques can be used along with the modern wireless technologies that are used to meet the increased spectrum 
demand and thus can exploit the available spectrum more efficiently.   
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